We present a new approach to the circular scan method [1] that uses the flow of people to detect and infer clusters of regions with high incidence of some event randomly distributed in a map. We use a real database of homicides cases in Minas Gerais state, in southeast Brazil to compare our proposed method with the original circular scan method in a study of simulated clusters and the real situation.
Introduction
The traditional SaTScan algorithm [1] , [2] uses the euclidean distance between centroids of the regions in a map to assemble a connected (in the sense that two connected regions share a physical border) sets of regions. According to the value of the respective logarithm of the likelihood ratio (LLR) a connected set of regions can be classified as a statistically significant detected cluster. Considering the study of events like contagious diseases or homicides we consider using the flow of people between two regions in order to build up a set of regions (zone) with high incidence of cases of the event.
In this sense the regions will be closer as the greater the flow of people between them. In a cluster of regions formed according to the criterion of proximity due to the flow of people, the regions will be not necessarily connected to each other.
Methods
We consider a study map with a number of observed cases and risk population for each region. The original circular scan algorithm randomly chooses one region as the first zone and calculates its respective LLR. In the next step a new zone is created including the first region and the region closest to it according the euclidean distance between their centroids and the respective LLR is calculated. This process is repeated until the zone population exceeds a certain percentage of the total population of the map. In our spatial flow scan algorithm everything works in the same manner except that the degree of proximity of two regions is given by the flow of people between them, the higher the flow between the regions closest one is the other. Instead of considering an order of increasing distances to add a region and create a new zone our algorithm uses a decreasing flow of people. In this way we can obtain a zone/cluster candidate composed of a number of non necessarily connected regions. To measure the flow of people between the cities we obtain the data of bus round trips between all the 853 Minas Gerais municipalities from state department of highways (www.der.mg.gov.br ). As a large number of pairs of cities have zero bus trips between them we use a gravity model [3] to estimate the flow of people. We use 30% as upper percentage for a zone population. With the real data of homicides cases the original circular scan found a significant cluster containing the city of Belo Horizonte which is the Minas Gerais state capital and large urban area that include Belo Horizonte and 22 more cities totalizing a population of about 3.5 milion people. Our adapted spatial scan algorithm also found a similar cluster including the capital Belo Horizonte but with two small cities less.
Results

Minas Gerais state is located in
Conclusions
In simulation studies where the real cluster is known we observe that our spatial flow scan algorithm has a performance similar to the circular scan concerning detection power and slightly worse in relation to the positive predicted value (PPV) and the sensitivity when the real cluster is regular. However, the performance of our algorithm is clearly better with regard to the sensitivity and the PPV when the real cluster is irregular and or non-connected.
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